overlay of fluorescence and transmitted light images or Hoechst staining of nuclear DNA in the right inset. (C) Immunostaining of Oct-3/4 (in blue, visualised by a secondary antibody conjugated with alexa 360) and of SSEA-1 (in red, visualised by a secondary antibody conjugated with alexa 546) in CGR8 ES cells prior to and after 24 hrs TGFβ stimulation. Images were acquired simultaneously at different wavelengths and (in B inset) with transmitted light using the light analyser module of a LSM510 META confocal microscope (optical section 1 µm). (D) PCR gel of nanog in control and in cells treated for 24 hrs with 5 ng/ml TGFβ. Figure S2 . BMP2 and Nodal Upregulate Expression of Oct-3/4 in ES Cells ES cells were treated for 24 hours with 2.5 ng/ml BMP2, 5 ng/ml TGFβ (A) or 10 ng/ml nodal (B) mRNA levels of Oct-3/4, or cardiac genes were measured by real time PCR and normalised to tubulin expression and to the basal level in untreated cells. Data are average of at least 5 experiments. (*) significantly different from control p≤ 0.001. ES cells were transfected with pSuperOct4siRNA or pcDNAOct4-antisense (AS) and allowed to differentiate within embryoid bodies (EB). EBs were imaged in phase-contrast microscopy at day 8; they featured typical 3 layers morphology, *:: ectoderm; $: mesoderm and ¤ :endoderm. (B) RNA was extracted from EBs at day 8 and nestin, cytokeratin 17 (CK17), Myf5, ICAM, smooth muscle (SM) actin or Tal1 was amplified by RT-PCR. Arrows indicate the size of the cDNA fragment. (C) EBs generated from mock or Oct-3/4 siRNA transfected ES cells were stained with an anti-albumin, β3-tubulin or CD34 antibody or stained with red oil to visualise adipocytes. Data are representative of 5 experiments. Supplemental Experimental Procedures ES Cell Propagation and Differentiation and Stimulation with Nodal, TGFβ, β, β, β, BMP2 2 2 2 Murine ES cells (CGR8) were propagated as previously described (Meyer et al., 2000) on feeder free gelatin-coated dishes in Glasgow-BHK21 medium (Gibco France) supplemented with pyruvate, non essential amino acids, mercaptoethanol, 7.5% fetal calf serum (Hyclone, Perbio, France) and LIF obtained from pre-confluent LIF-D cells stably transfected with a plasmid encoding LIF (Meyer et al., 2000) .. The cells were trypsinized and replated every two days. Differentiation was carried out using the hanging drop method. Briefly, embryoid bodies (EBs) were formed in hanging drops of differentiation medium (Glasgow BHK21 medium supplemented with pyruvate, non-essential amino acids, mercaptoethanol and 20% fetal calf serum without LIF) for two days (D0-2). Then, the EBs were incubated for three days in suspension (D3-5) and for at least seven days on gelatin-coated dishes (D6-12) (Meyer et al., 2000) .
Plasmid Construction, ES Cell Clone
The cDNAs encoding the dominant negative mutants of Smad2 or Smad3 downstream a flag sequence were excised from a pRK5 or LPCX vector (Choy et al., 2000) using ClaI and XbaI or XhoI and ClaI, respectively and subcloned in frame using the same restriction sites into a pcDNA3.1 plasmid in which a polylinker including the appropriate XbaI or XhoI and ClaI sites were made available in the multicloning site. After sequencing, the DNA plasmids were transfected into ES cells with lipofectamine according to standard protocol. The murine CGR8 ES clones were propagated in the presence of LIF, selected for ten days by incubation with G418 (250µg/ml) and further screened by PCR. Two separate cell clones for each dominant negative mutant of Smad were used in this study. Expression of the dominant negative mutants of Smads were investigated by immunoprecipitation and western blotting using an anti-flag and anti-Smad2/3 antibodies according to a standard protocol (Bony et al., 2001) . The two clones with mild expression of the mutants were selected to preserve specificity of the dominant negative effect (Choy et al., 2000) (Dr Derynck, personal communication).
Oct-3/4, Smads siRNAs, Oct-3/4 Antisense Oligonucleotides and Expression Vectors A sense oligonucleotide 5'-AGGTGTTCAGCCAGACCACTTCAAGAGAGTGGTCTGG CTGAACACCTTTTTTT-3' designed to specifically match the Pou5f1 sequence (Genebank NM 013633 bases 558-576) was hybridised at 65°C for 10 min. to an antisense strand 5'-AATTAAAAAAAGGTGTTCAGCCAGACCACTCTCTTGAAGTGGTCTGGCTGAACAC CTGGCC-3' in TE buffer added with 50 mM NaCl and subcloned into the pSuper vector using EcoRI and ApaI. Sense 5-AGACAGCGAAACTGTTCTCTTCAAGAGAGAGAACA GTTTCGCTGTCTTTTTTT-3' and antisense 5'-AATTAAAAAAAGACAGCGAAACTGTT CTCTCTCTTGAAGAGAACAGTTTCGCTGTC-3' oligonucleotides were hybridised and subcloned into the pSuper vector and served as control. Oct-3/4 cDNA was excised from the pCMVOct4 construct using BamH1 and XbaI sites and subcloned using the same restriction sites in the antisense orientation in pcDNA 3.1 (-) vector featuring an ATG site upstream the XbaI site. ES cells were transfected with lipofectamine in Optimem medium (Invitrogen) supplemented with LIF for 3 hours using a standard protocol. TGFβ was added 12 hrs after cell transfection. An empty vector (pcDNA) was transfected as a control (mock). No effect of the empty vector was observed on TGFβ-induced genes upregulation.
The specific siRNA sequences of the chemically synthesized and high pressure liquid chromatography purified RNA oligomers are as follows Smad2 sense 5'-UCUUUGUGCAGAGCCCCAAdtdt-3' and antisense 5'-UUGGGGCUCUGCACAAAGAdt dt-3' and Smad3 sense, 5'-ACCUAUCCCCGAAUCCGAUdtdt-3' and antisense, 5'-AUCGGAUUCGGGGAUAGGUdtdt-3', Oct-3/4 sense 5'-AGGUGUUCAGCCAGACCAC dtdt-3' and antisense 5'-GUGGUCUGGCUGAACACCU dtdt-3' (Haraguchi et al., 2004) . After hybridization (Elbashir et al., 2002) , 20 nM of the double strand siRNA was transfected in ES cells using 12 µg lipofectamine.
Antibodies, Western Blotting and Immunocytochemistry
For immunostaining, ES cells, EBs or blastocysts were fixed with 3% paraformaldehyde or cooled (-20°C) in methanol-acetone (50/50) solution, permeabilized with 0.1% Triton X-100 and labeled with rabbit anti-Oct-3/4 antibody (Santa-Cruz, CA, USA), mouse anti-SSEA1 (Hybridoma Bank, University of Iowa, Iowa City, IA), rabbit anti-Smad2/3 (Santa-Cruz, CA, USA), mouse anti-sarcomeric α−actinin antibody (Meyer et al., 2000) (1/500) (Sigma), anti-βMHC antibody (provided by D Mornet, Montpellier, France), anti-albumin (Bethyl laboratories, Montgomery, TX, USA), anti-CD34 (Biolegend, San Diego CA, USA), anti-β3 tubulin (a gift from Dr JP Hugnot, INM, Montpellier) and alexa546 or alexa360 conjugated anti-rabbit or mouse IgG (Molecular Probes Eugene, OR) (dilutions 1/300) was used as secondary antibodies. In situ immunostained sarcomeres were visualized in 0.3 µm-optically z-sectioned embryoid bodies. Actinin-positive areas were quantified using the software Metamorph (Universal imaging, USA). Bromodeoxyuridine (BrdU) was added for 1 hr after 23 hrs treatment of ES cells with control medium or TGFβ. After washing and fixing, incorporation of BrdU was revealed with a monoclonal anti-BrdU antibody (Amersham). Images were acquired in confocal microscopy using either an Ultraview (Perkin Elmer) or a LSM510 Meta (Zeiss) microscope. Alexa 360 and 546 fluorescences were recorded using the 405 nm diode or 546 nm HeNe laser beam, a NFT 490 dichroic mirror and a 420-460 nm or a 560-620 nm bandpass emission filters, respectively. To improve resolution and signal-tonoise ratio, images were restored using the Huygens software (Huygens 2.2.1, Scientific Volume Imaging, The Netherlands) and visualized using Imaris (Bitplane, Switzerland). Calculations were performed on a DELL Precision 450 workstation. Western blot was performed as previously described (Papadimou et al., 2005 ) using a monoclonal anti-Oct-3/4 antibody (Santa cruz, CA sc-5279) and a polyclonal anti α-tubulin antibody (Puceat et al., 2003) .
RT-PCR
The nucleotide sequences of primers used were:
TGFβRI, forward 5'-CAGAGATTTATCAGACTGTAAT-3' and reverse 5'-TAAGCCCATTGCATAGATGTCA-3'; TGFβRII, forward 5'-CAACTGCGCCATCATCCTGGAG-3' and reverse 5'-GAGGTACTCCTGCAGGTTGCCC-3', Nestin forward 5'-GAGAGAGGCGCTGGAACAG AGATT-3' and reverse 5'-AGACATAGGTGGGATGGGAGTGCT-3'; cytokeratin17, forward 5'-CCTGCTCCAGATTGACAATG-3' and reverse 5'-CTTGCTGAAGAACCAG TCTTC-3'; Myf5, forward 5'-CACCATGCGCGAGCGTAGA-3' and reverse 5'-TCTGTCCCGGCAGGCTGTAA -3'; Cdx2, forward 5'-GCCACCATGTACGTGAGCTAC-3' and reverse, 5'-GTCACTGGGTGACAGTGGAGT-3'; Tal1, sense 5'-AACAACAACCGGGTGAAGAG-3', 628-647 and antisense 5'-ACTTGGCCAGGAAATTG ATG-3', smooth muscle actin, forward 5'-GATCACCATCGGGAATGAACGC-3' and reverse 5'-CTTAGAAGCATTTGCGGTGGAC-3'; Nanog, forward 5'-CCCCAGGGCTATCTGGTGAAC-3' and reverse 5'-AAGTTTTGCTGCAACTGTACGT-3', ICAM, 5'-GACTTCACCATTGAGTGCACGGTGT-3'and reverse 5'-TATACCCACCATGGGGCCGTAGATC-3'.
Real-Time Quantitative PCR by SYBR Green Detection
The nucleotide sequences of the PCR primers used were: Oct-3/4, forward 5'-TCAGCTTGGGCTAGAGAAGG-3' and reverse 5'-TGACGGGAACAGAGGGAAAG-3'; Brachyury, forward 5'-GACTTCGTGACGGCTGACAA-3' and reverse 5'-CGAGTCTGGGTGGATGTAG-3'; Mef2c, forward 5'-AGATACCCACAACACACCACGC GCC-3'and reverse 5'-CATTATCCTTCAGAGAGTCGCATGCGCTT-3'; Nkx2.5, forward 5'-TTACCCGGGAGCCTACGGTG-3' and reverse 5'-GCTTTCCGTCGCCGCCGTGCGC GTG-3'; β-tubulin, forward 5'-CCGGACAGTGTGGCAACCAGATCGG-3' and reverse 5'-TGGCCAAAAGGACCTGAGCGAACGG-3'; TpA, forward 5'-GACGATACTTATGACAA CGACA-3' and reverse 5'-CTCCAGCGCACAGCATGTTGTT-3'; α-foeto protein, forward 5'-CCACGTTAGATTCCTCCCAGTGCGT-3' and reverse 5'-CATACTTGTTAGAGAGTT CCGTCTC-3'; p21
Waf1/Cip1 , forward 5'-AGGGCAACTTCGTCTGGGA-3' and reverse 5'-CACCCGGGGAATCTTCAGG-3'; Smad2, forward 5'-GGGATGGAAA AAATCAGCC GGT-3' and reverse 5'-AGGCCTGTTGTGTCCCACTGA-3'; Smad3, forward 5'-CATGTCGTCCATCCTGCC-3' and reverse 5'-ATGCACTTGGTGTTCACG-3'.
Real-time quantitative PCR was performed using a LightCycler rapid thermal cycler (Roche). Amplification was carried out as recommended by the manufacturer. Twelve µl reaction mixture contained 10 µl of LightCycler-DNA Master SYBR Green I mix (FAST Start KIT, containing Taq DNA polymerase, reaction buffer, deoxynucleoside trisphosphate mix, and SYBR Green I dye), 3 mM MgCl 2 , 0.5 µM concentration of appropriate primer and 2 µl of cDNA. The data were normalized by PCR analysis of β-tubulin expression. Results were expressed as a function of the level of expression of the gene of interest in control undifferentiated stem cells using a previously described mathematical model (Pfaffl, 2001 ). The amplification programme included the initial denaturation step at 95°C for 8 min, and 40 cycles of denaturation at 95°C for 3s, annealing at 65 °C for 10 s, and extension at 72°C for 10 s. The temperature transition rate was 20°C/s. Fluorescence was measured at the end of each extension step. After amplification, a melting curve was acquired by heating the product at 20°C/s to 95°C, cooling it at 20°C/s to 70°C, keeping it at 70°C for 20 s, and then slowly heating it at 0.1°C/s to 95°C. Fluorescence was measured through the slow heating phase. Melting curves were used to determine the specificity of PCR products, which were confirmed using conventional gel electrophoresis. The Student's t test was used to analyze statistical significance. All p values corresponded to a two-tailed test, and a p <0.001 was considered statistically significant.
In Situ Hybridization
Embryos were fixed in 4% paraformaldehyde in 0.1 M PBS (pH 7.4) and dehydrated in an increasing gradient of 10-30% sucrose/PBS. Embryos were embedded in sucrose:OCT (Tissue-Tek), stored at -80°C, and cryosectioned (10-12 mm) on the day of the experiment. In situ hybridization was performed according to Wallace and Raff (Wallace and Raff, 1999) . Briefly, the sections were hybridized overnight in a moist chamber with a specific riboprobe (diluted 1:1000) at 65°C. Following the usual stringency washes, slides were treated with an alkaline phosphatase-conjugated antidigoxigenin antibody and stained in nitro blue tetrazolium/5-bromo-4-chloro-3-indoylphosphate. Images were analyzed using Metamorph and IMARIS softwares.
